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1.  Men^mne  fractionation 


1 . 1 . Subf  ractlonatlon  of  monkey  erythrocytos  partial  Iw  1*.  know  1 os  1 

Purified  Mchiront  (6  - 10  lun  lol)  and  erythrocyte  memhriines  from  par.i- 

altlced  cells  have  been  Isolated  according  to  technlcinea  ileveloped  In  our  Inboratoi'V 
(Wallach  and  Conley,  1977).  The  purity  of  the  fractions  obtained  i»as  now  been 
further  tested  by  hlRh-reaolutlon,  hlRh-apecl f Iclt y protein  f ract ionat lo»»  tech- 
niques, as  detailed  in  section  2_. 

1.2.  Subf ract Iona 1 1 on  of  the  Intracellvilar  parasite 

Each  Intact  schizont  released  fri>m  Infected  erythrocytes  bv  controlleil 
nitrogen  decompression  (1)  Is  surrounded  by  two  im'mbranes.  Its  own  plasma  memtnaiu' 
and  the  membrane  of  the  parasitophorous  vacuole.  We  have  tiiitlated  experiments 
to  separate  and  isolate  the  vacuolar  membrane  and  the  parasite  plasma  memlu.me. 

For  this,  the  surfaces  of  Intact  schtzonts,  released  1 rom  surface- iodlnated  in- 
fected erythrocytes  (1),  was  surface-labeled  with  using  lactoperoxldasi'- 

catalyzed  radlolodlnatlon  essentially  as  In  (1).  The  parasites  were  then  ills- 
rupted  by  nitrogen  deco  ip  cess  Ion  (ASO  psl  fot  20  min;  7 • lO^g  ’ min 
per  ml  NaCl/PO^,  0.13  M,  0.02  M,  pH  7.1).  TlUs  proceihiu*  yieldeil  \n‘sicles  origi- 
nating from  both  the  vacuolar,  ami  parasites*  surface  memhram's  a^^  iliscusseil  hv 
us  for  cells  ot  other  types  (2);  at  tht*  same  time,  nx'st  i>l  the  mitochondria  an»l 
nuclei  of  the  parasite  stayed  intai't.  The  hoim'gt'uate  was  c«*ntrlfnged  at  10^  g, 
min,  resuspended  in  7'>X  of  the  orlg,lnal  v»'lnme  and  loadeil  ati'p  a dexfjan  step 
gradient  as  described  in  Fig.  1. 

Kqnlllbrtnm  u 1 1 racent  r I f nga  t li'ii  at  lii^  g ’ min  results  in  six  frac- 
tions (Fig.  lA-C).  Of  these  the  li>w  density  Itactli'ns  I,  2 and  3 (Fig.  lA-(') 
constat  of  soluble  proteins  (traction  1),  and  small  memb»ane  vesicles  wheieas 
undlsrupted  parasites,  nuclei  and  mitochondria  coinentiate  at  higher  densities 
(fiactlons  A-hl.  In  gratllents  A .ind  H ll'lg,.  11  wi'  compare  dlsinpted  pa«a- 
sltes  from  iodlnated  i*rvthrocyf  es  /ind  paiasiti's  snrfav'e-iodinat  ml  bv 
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I-labellng  stop  before  disruption.  About  70-751  additional 
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la  Introduced  Into  the  Isolated  parasites  after  release  from  surface-lodlnated 
erythrocytes  (Fig.  1A,B).  Of  this  activity,  65  - 70%  Is  recovered  In  the  low 

f 

density  fractions  1-3.  Tliese  fractions  therefore,  contain  35%  of  the  total 
125 

I-radloactlvlty  after  the  second  lodlnatlon  In  comparison  to  only  15%  In 

gradient  A.  If  the  Isolated  parasite  Is  labeled  a second  time  but  fractionated 
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without  disruption  only  13%  of  the  l-activlty  Is  recovered  In  fractions  1 - 
and  most  of  the  activity  concentrates  In  the  high  density  fractions  at  the  density 
of  the  parasite  Itself  (density  1.10  - 1.12). 

Preliminary  comparative  analyses  of  the  protein  composition  of  washed,  Triton 
X-100  solvibillzed  membrane  vesicles  from  fraction  2,  3 and  4 using  Isoelectric 
focusing  In  polyacrylamide  (see  section  3.2.)  reveal  clear  differences,  which  are 
yet  to  be  defined  In  detail. 

1.3.  Conclusions 

F.xtenslon  of  the  fractionation  appro.ach  given  .above  will  .allow  us  to 
identify  and  characterize  proteins  typically  associated  with  the  parasite  surface 
membratte  and  other  subcellular  organelles.  Furthermore,  we  shall  be  able  to 
eliminate  and  isolate  erythrocyte  membr.ane  contaminants  or  vesicles  originating 
from  the  vacuolar  membrane  by  employing  affinity  density  pet turhat Ion.  In  this 
technique  Immunoglobulin  against  normal  erythrocyte  membtane  piotelns  isee  sec- 
tion 2. 1.1. 3.)  will  be  coupled  to  latex  beads  which  will  then  be  re.u'ted  with  ilu 
parasite  homogenate.  This  will  allow  us  to  select  ivelv  incre.'.se  the'  den::iiv  ol 
membrane  vesicles  containing  proteins  characteristic  t'f  lu'im.il  oythrocyte  iitem- 
branea  and  to  Isol.ate  those  tnembranes  by  centrifugation  In  a density  gradient  t.’l. 
2.  Membrane  protein  iui.tI^m 

2.1.  Imraunochemlcnl  techniques 

2.1.1.  Antisera 

2. 1.1.1.  Immunization  of  rhesus  monkey  with  iiurifltvl  P.  knowlesl 

r.  know  I es  I schlzonts.  Isolated  as  In  (1),  wete  resuspendi’d  in  M 
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Miicrocie,  10  mM  HEPES,  pH  7,5  (10®  paras  lit*a/0. 25  nil),  mlxoit  witli  an 

of  complete  Freund’s  adjuvant  (CFA)  and  Injected  sid'ciif .inoi^us  1 y Into  a ihosu;*  iron- 

key  at  multiple  sites  at  the  hack  (to  prevent  major  neorot  lo  skin  .lesions). 

Monthly  injections  over  a period  of  one  year  yield  a I'oteni  hum»'ral  Imminn-  tc>siv'a-.c 
In  the  animal  (see  section  2.1.^.).  All  iinmunocln'mical  analyses  (Klg.  .’-•«)  wen> 
performed  using  the  tiK'mkey  antl-paraslte  (HnP)  serum  drawn  aftet  the  eighth  hoostei 
It  CFA  is  replaced  by  Incomplete  Frevmd's  adjuvant  UFA)  the  titer  ol  the  serum 
Is  substantially  reduced.  The  titer  can  be  raised  again  when  IFA  is  replaced  hv 
CFA,  This  indicates  that  CFA  Is  essent  l.al  for  the  Imnumicat  ion  scheme  employed. 

2. 1.1. 2.  Cone  I us  ic>ns 

Our  current  imunlrat  ion  scheme  using  purified  intracellular  V . 

i 

knowlesi  parasites  in  CFA  allows  us  to  produce  a high  titered  antl-s«Miim  In  the 
natur.il  host  of  this  parasite.  The  serum  strongly  agglvit  li\at  es  isolated  pa  i .'.s  1 1 1’s 
and  infected  erythrocytes  (SICA)  and  Is  also  suitable  (or  iimuunocheml ca I analvses. 

2. 1.1.3,  Rabbit  antisera  ag^ainst  uormal-nK>nkey  erythrocyte  iiuMid'raiu^^  ^Ka^M^^‘'. 
Rabbits  are  initially  injected  s.c.  with  0.  S ir.g  of  NMKN  In  I'KA  tv  v 

1/1;  I ml  total  volume).  Tlie  aninvals  are  then  boostereil  with  1 mg  ol  membrane 
protein  mixed  with  CVA  by  multiple  s.  c.  injections  at  nK'nthlv  Inlet vals,  Atte: 
two  boosters  an  antiserum  sviltahle  for  Immunochemleal  an.ilvses  (si’«*  I'ig.  7)  wa-. 
obtained.  Sera  are  always  drawn  ten  days  after  the  hooster. 

2 . 1 . 1 . 4 . Process  in g,  s t o » a^e 

All  antisera  are  processed  sterllly  .ind  stoied  at  -70'\'  u>  sn.all 

aliquots. 

2.1.2.  Methods 

Crossed  i mimine  e 1 ec  t rophores  Ijt  (Clj-^.  We  use  the  guidelines  In  (>' 
and  cast  IX  ngaiose  containing  IS  Triton  X-100  onto  50  x 50  mm  gl.tss  plattv;  to 
produce  Inyern  1.5  mm  thick.  Thi'  huffi'r  is  0.03b  M Tils/O.l  M glvcvne.  ph 
8.7,  Triton  X-lOO  solnhllized  mmihrane  protein  i I SO  pg)  is  elect rophoiet teal Iv 
aeparated  for  60  minutes  with  a volt.tge  of  10  V/cm  ol  sep.ti.it  ton  illstance. 


6. 

I 

The  1 CD  agarose  strip  containing  the  separated  proteins  is  left  on  the  plate 
and  the  agarose  remaining  on  the  plate  is  then  replaced  hy  agarose  containing 
0.04  ml  antiserum  /ml  and  IX  Triton  X-100.  Using  7V/4  cm  (monitored  on  the 
agaroae  plate),  we  electrophorcse  the  preseparated  membrane  proteins  at 
right  angles  to  the  first  dimension  into  the  antibody-containing  agarose. 

The  electrophoresis  is  done  at  pH  8.7  to  prevent  electrophoretic  migration 
of  antibodies.  The  washed,  dry  plates  are  stained  with  Coomassle  blue  as 
described  in  ref.  4. 

Crobsed-line  immune  electrophoresis  (CLIE)  In  this  form  of  CIE  designed 
to  determine  cross-reactivities,  an  agarose  strip  containing  the  protcln(s)  in 
question  is  cast  between  the  strip  bearing  the  electrophoretically  separated 
membrane  proteins  and  the  antibody-containing  agarose.  Cross-reactivity  is 
indicated  when  the  origins  of  the  Immunopreclpltatlon  arcs  are  anodally 
displaced  after  electrophoresis  in  the  second  dimension.  (3). 

2.1.3.  Resul ts 

The  Immune  precipitation  pattern  of  Isolated  P.  knowlesl  schizonts  and 
membrane  purified  from  infected  erythrocytes  electrophoresed  against  monkey 
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Immonologlcal  cross-reactivity  between  any  protein  In  membranes  from  norra.il 
monkey  erythrocytes  and  antigens  1 - 7 of  infected  raerabranes  (Fig.  U A).  These 
data  are  further  supported  by  the  absence  of  innmine  pieclpi  l.ites  in  CIF  when  iwm- 
brane  proteins  from  normal  erythrocytes  are  electrophoresed  against  monkey  anti- 
parasite  serum  (data  not  shown). 

2.1.4.  Discussion 

The  different  relative  concentrations  of  components  1 and  7 In  memhr.ines 
of  infected  cells  and  parasites  argue  against  simple  contamination  of  the  former 
(ratio  of  the  heights  of  precipitate  1:7  Is  about  ten  times  higher  in  "infected 
membranes"  than  In  the  parasite).  Rather  the  results  suggest  that  the  iniracellnlar 
parasite  and  the  membrane  of  parasitized  erythrocytes  have  antigens  in  common.  Equ.il- 
ly  or  more  Intriguing  is  the  finding  that  the  "infected  membranes"  reveal  a gre.iter 
number  of  parasite-specific  antigens  than  the  parasite  used  for  immunization.* 

We  Interpr-'t  our  immunochemical  results  as  follows: 

Successful  Intraerythrocytic  maturation  demands  protein  functions  of 
the  host-cell  membr.me  — the  primary  extracellular/lnt racellul.tr  boundary  — that 
the  normal  erythrocyte  membrane  does  not  possess  (e.g.  transport  carriers).  The 
required  proteins  are  synthesized  by  tiu>  parasite  and  inserted  into  tlu-  host-cell 
membrane.  Then  they  are  detected  as  SIl'A  antigens,  by  immunoelect ronmicroscopy  (S'' 
or  by  our  immunological  metliods  as  immune  precipitates.  Ttutt  they  are  not  di'teeteu 
in  the  parasites  may  signify  that  tliey  are  not  retained  in  sufficient  amounts 
there  to  produce  immune  precipitates  visible  using  our  present  methoils.  It  is 
also  possible  that  the  antigens  are  shielded  in  the  parasite  and  become  expressed 
when  bound  to  the  host-cell  membrane  or  when  injected  for  Imnuinizat ion. 

Tliese  immunochemical  results  are  in  preparation  for  publication  (.Schmiut- 


I 
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Because  parasite  preparations  from  four  different  monkeys  with  difierent  blood 
groups  have  been  used  for  Immunization  the  possibility  of  .ant  ibi’dies  against 
trace  cont.'imln.int s in  normal  erythrocytes  is  highly  unlikely.  This  is  further 
supported  by  dat.i  described  In  section  2., 1.2. 
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Ullrich  and  Wallach). 

2.2.  laoelectrtc  focusluK  (lEF) 

Thla  hi Kh-reao] utlon  tcchnlciuc  Imfi  r.f'at  value  by  Itself  bin  inoves 
most  useful  In  bldlmenalonal  approaches,  1.  e.  isoelectric  focusing  linked  to  dodecyl 
sulfate  polyacrylamide  gel  electrophoresis  and  immune  electrophoresis,  respectively 
(see  section  2.3.).  We  have  applied  focusing  approaches  to  better  define  the  iimnuno- 
cheodcal  phenomena  already  described. 

Fig.  5 shows  the  standard  protein  pattern  obtained  when  Triton  X-100 
solubilized  membrane  proteins  from  normal  and  parasitized  erythrocytes  and  proteins 
of  Isolated  parasite  are  fractionated  by  isoelectric  focusing.  In  all  cases  100  - 
200  pg  of  protein  are  focused  in  h%  polyacrvlamide  containing  2%  arapholvtes  lAmpho- 
llne  pH  3.5  - 10.0),  8 M urea  and  IX  Triton  X-100  as  described  by  us  (6).  Major 
differences  are  noted  when  normal  and  "infected"  membranes  on  the  one  hand  and  "In- 
fected" membrane  and  parasite  on  the  other  are  compared.  Membranes  from  infected 
cells  show  new  components  at  pi  4.2,  4.3,  4.6  and  4.7  which  are  not  found  In  normal 
membranes  but  do  occur  in  the  parasite.  On  the  other  hand,  some  major  components 
of  normal  membranes,  with  pis  above  pH  6.5  are  nlimist  deleted  in  "infected"  membranes; 
they  probably  represent  spectrin. 

2.3.  Bidlmenslonal  techniques 

2.3.1.  Bidlmenslonal  isoelectric  focusing  - dodecyl  sulfate  polyacrvlam 1 de 
gel  electrophoresis  (IKK-DS-PAOK) . 

Isoelectric  focusing  is  In  cylindrical  polyacrylamide  gels  (65  mm 
X 3 mm;  350  pg  of  protein  per  gel;  composition  ns  in  section  (2.?,)  with  a pH 
3.5  - 10  gradient.  The  catholytes  and  anolytes  are  0.03  M NnOH  and  0.05  M H2SO/J 
respectively.  For  SDS-PACE  in  the  second  dimension,  we  use  gel  slabs  (75  x 75  x 2.75 
nan).  Prior  to  the  second-dimension  step,  the  slabs  are  pre-electrophoresed  with  0.04 
M TrlB/0.02  M acetate/2  mM  EDTA/IX  DS  (wt/vol),  pH  7.4  for  15  min  at  25  nvA  per  slab. 

At  th“  s.aroe  time,  the  focusing  gels  are  equilibrated  with  DS/electrophoresis  buffer 
(JX  SDS  and  0.12  M dlthlothreitol) , 10  ml  of  buffer  per  gel  and  buffer  changed  everv 
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10  min  for  50  min.  These  washes  Introduce  the  detergent  and  reducing  agent  required 
for  the  second-dimension  separation  and  also  eliminate  the  focusing  pH  gradient.  Tlie 
focusing  gel  is  then  positioned  on  top  of  the  pre-electrophoresed  gel  slab  and 
electrophoresis  is  for  16  hr  at  8 mA  per  slab  as  described  in  ref.  6. 

lEF-SDS-PAGE  of  membrane  proteins  from  normal  and  parasitized  erythro- 
cytes and  purified  parasites  (Fig.  6,  A-C)  reveals  at  least  59  Individual  protein 
spots  for  each  of  the  three  fractions  analyzed.  There  are  no  components  common 
to  normal  erythrocyte  membranes  and  purified  parasites  excluding  contamination  of 
parasite  by  host  erythrocyte  membrane.  The  data  Indicate  that  the  surface  membrane 
of  parasitized  monkey  erythrocytes  undergoes  substantial  modifications.  Several  major 
omibrane  components,  1.  e.  spectrin  and  parts  of  the  "band  3"  complex,  as  well  as 

some  smaller  molecular  weight  components,  are  deleted  or  significantly  diminished 
(Fig.  6 D) . The  membranes  from  Infected  cells  also  contain  some  small  amounts  of  para- 
site protein,  but  the  different  proportions  of  these  components  in  the  parasite  and  the 
membranes  of  infected  cells  indicate  mechanisms  other  than  simple  contamination. 
Proteins  qualitatively  coimnon  to  parasite  and  membranes  of  parasitized  cells  are 
depicted  in  Fig.  6 E.  A third  group  of  alterations  in  the  membrane  of  the  para- 
sitized erythrocyte  are  discrete  modification  of  some  proteins  in  terms  of  electric 
points  or  molecular  weights.  These  minor  modifications  of  the  proteins  are  marked 
by  arrows  in  Fig.  6 B. 

2.3.2.  Bldinenalonal  isoelectric  focusing- immune  electrophoresis  (lEF-IE) 

The  procedure  is  as  described  in  (6).  Isoelectric  focusing  is  in  gel 
slabs  (4/1!  acrylamide,  crossllnkcd  with  2.5%  bisacrylamide)  containing  2%  ampholytes 
(pH  3.5  - 10),  8M  urea,  1%  Triton  X-100,  and  10%  sucrose.  The  catholyte  is  1 
M NaOH  and  the  anolyte  IM  H3PO4.  We  apply  about  200  pg  of  protein  per  lane. 

After  focusing  the  10  x 90  mm  polyacrylamide  section  containing  the  focused 
proteins  is  sliced  into  two  5 x 90  mm  stri.s.  One  of  these  is  wa.shed  three  times 
(10  min  each)  in  20  ml  of  0.038  M Trls/0.1  M glycine,  pH  8.7/1%  Triton  X-100 
and  then  immunoelectrophoresed.  The  other  strip  is  stained  as  described  in  (fi) . 
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For  the  second  dimension  Immune  electrophoresis,  we  cast  80  x 80  mm  liranunoplates 
In  two  sections:  (1)  a cathounl  30  x 80  x l.'j  mm  agarose  strip  (1%)  without  antlhody 
and  (11)  a 50  X 80  X 1,5  mm  area  containing  300  |j]  ot  ralihll  antiserum,  Huliers 
and  other  conditions  are  as  described  In  (6^ . 

Membrane  components  of  nonnal  monkey  erythrocytes  are  Identified,  using 
rabbit  antl-NMEN  serum.  In  membranes  from  normal  and  parasitized  cells  and  purilied 
paraalte  (as  a measure  for  a possible  contamination  by  host  cell  membrane).  Analy- 
ses of  normal  and  infected  membrane  and  purified  parasite  are  shown  In  Fig.  7 A-C, 
Nonnal  erythrocyte  membranes  (Fig.  7A)  reveal  three  complex  Immune  precipitates, 
component  1 at  pi  6.0,  component  2 and  3 at  pi  5.8  and  pi  5.5,  respectively.  Us- 
ing the  same  amount  of  antigen  (as  determined  by  total  amount  of  protein)  components 
2 and  3 are  reduced  to  about  half  the  concentration  in  membranes  of  Infected  cells 
and  component  3 to  more  than  two-fold.  Component  I,  possibly  spectrin,  is  deleted 
(Fig.  7B) . As  documented  in  Fig.  7C,  not  more  than  5%  of  erythrocyte  membrane 
components  2 and  3 (focusing  at  lower  pi's)  are  present  in  the  parasite  preparation. 
This  indicates  that  less  than  5X  of  the  parasite  protein  constitutes  ery throcy t<* 
membrane  material. 

Bidimenslonal  isoelectric  focuslng-immune  elect rophoresis  using  our  monkey 
serum  l»as  not  yielded  any  immune  precipitates  even  tiiougii  ttiese  are  very  strong  in 
simple  crossed  immune  electroplioresls.  This  appears  to  be  due  to  traces  of  utc.i 
remaining  after  isoelectric  focusing. 

2.3.3.  ConcluslonH 

Comparative  analyses  of  membrane  proteins  irom  normal  and  parasitized 
erythrocytes  and  purified  parasite  indicate  that  there  is  only  minimal  cross-con- 
tamination when  Infected  cells  are  subfractionated.  Nevertheless,  employing  these 
high  resolution  techniques  even  minor  contaminants  have  to  be  eliminated  using 
methods  outlined  in  section  1.3, 
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3 . Protease  treatment  of  normal  monkey  erythrocytes 

Protease  treatment  (TPCK-trypsin  or  pronase)  has  proven  very  useful  to  explore 
the  structure  of  membrane  proteins  in  erythrocytes  (7,  8)  and  lympliocytes  (9). 

In  order  to  find  optimal  conditions  for  protease  cleavage  of  infected  cells, 
normal  monkey  erythrocytes  are  exposed  to  TPCK-trypsin  (0.2  mg/ral)  and  pronase 
(0.05  mg/ml)  at  37®C  for  3 hr  and  90  min,  respectively.  Using  intact  washed  ery- 
throcytes pronase  selectively  cleaves  band  3,  (mol.  wt . ''-95,000  D) , presumed 
the  equivalent  of  band  3 of  human  erythrocytes,  the  major  intrinsic  membrane  pro- 
tein, into  a 60,000  and  35,0000  polypeptide  fragment  (PI  and  P2  in  Fig.  8). 

Trypsin  treatment  yields  less  homogeneous  polypeptides  with  mol.  wts.  ''-65^0000. 
50,0000  and  "v-  40,0000.  The  cleavage  of  band  3 by  trypsin  is  incomplete.  Spectrin 
is  not  degraded  by  either  enzyme. 

Because  band  3 has  transport  functions  in  human  erythrocytes,  it  will  be  import- 
ant to  analyze  whether  modifications  of  band  3 in  membranes  from  parasitized  mon- 
key erythrocytes  account  for  altered  transport  characteristics  described  (10). 

This  may  adequately  be  explained  by  selective  proteolytic  cleavage  of  band  3. 
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erythrocytes  Infected  with  P.  knowlesl.  Membrane  proteins  (150  pg; 
solubilized  In  1%  Triton  X-100)  were  first  separated  electrophorerl- 
cally  In  agarose/Triton  and  then  electrophoresed  at  right  angles 


into  agarose  containing  monkey  anti-parasite  serum  (0.12  ml/  1 ml  of 
agarose).  Immune  precipitates  are  numbered  from  1 to  7 according 
to  electrophoretic  mobility  In  the  first  dimension.  Coomassie  blue 
staining. 
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Figure  3;  Crossed  immune  electrophoresis  of  purified  P.  knowlesi  schizonts. 

Triton-soli'blllzed  parasites  (150  pg  protein,  plate  A and  75  pg 
protein,  plate  B)  were  separated  electrophoretlcally  in  the  first 
dimension  and  electrophoresed  into  agarose  at  right  angles  containing 
monkey  antl-paraslte  serum  (0.12  ml/1  ml  agarose,  plate  A;  0.18  ml/1  ml 
agarose,  plate  3).  Other  as  in  Figure  2. 
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Figure  4;  Crossed  line  inmune  electrophoresis  of  merabranes  purified  from 
monkey  erythrocytes  injected  with  P.  knowlesi  (as  in  Fig.  1) 
but  using  an  intermediate  strip,  I,  containing  normal  erythro- 
cyte membrane  proteins  (400  pg;  plate  A)  and  parasite  (400  pg; 
plate  B) . Rest  as  in  Figure  1. 
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Ifloplcotrlc  foc'iiRlnft  of  prvtluncytr  mombrnnos  ol  normal  (I'.mol  A), 
paras  1 1<*- Infected  cells  (panel  H)  aiul  purified  parasites  (panel  (’). 
Triton  X-100  solubilized  proteins  (l?0  tip,)  are  foc\ised  in  4%  ncrvls- 
mlde/b Isacrylamlde  cont.ilninp  IX  Triton,  8M  urea  and  2X  ampholytes, 
pH  3.S-10.0.  The  abscissa  gives  the  pH  gradients  and  ordinates  the 
absorbance  for  Coomassie  blue  staining  at  b20  min. 
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Figure  6;  Bldimenslonal  Isoeleccrlc  focusing  - dodecyl  sulfate  polyacrylamide 
gel  electrophoresis  (lEF-DS-PAGE)  of 

A.  membranes  of  normal  monkey  erythrocytes 

B.  membranes  of  erythrocytes  parasitized  by  P.  knowlesi. 

C.  purified  parasites. 

The  abscissa  and  the  ordinate  give  the  pH  gradient  and  the  molecular 
weights,  respectively.  350-400  wg  protein,  solubilized  In  1%  Triton 
X-100,  was  focused  In  4%  acrylamide-blsacrylamide,  containing  2X  am- 
pholytes (Amphollne  3.5-10.0),  8M  urea,  IX  Triton  X-100.  Prior  to  DS- 
PAGE  the  focused  proteins  are  equilibrated  with  DS  and  dithiothreitol 
In  the  gel  and  positioned  atop  the  acrylamide  gradient  gel  (4-30%, 
Pharmacia,  Sweden)  for  DS-PAGE  in  the  second  dimension.  Coomassle  blue 
protein  staining. 

D.  Depiction  of  proteins  in  monkey  erythrocyte  membranes  deleted  or 
diminished  In  membranes  of  parasitized  cells. 

E.  Protein  components  common  to  membranes  of  parasitized  and  the 
purified  parasite. 

Proteins  unique  to  membranes  of  parasitized  cells  are  marked  with 


an  arrow  in  B 
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Flguro  8:  Protease  treatment  ot  uornuil  monkey  erythrocytes.  Analysis  of 

membrane  proteins  by  l)S-PAGF,.  Proteins  are  conventionally  labeled 
as  components  1-6  and  Hb  (liemoglobln) . Washed  intact  erythrocytes 
were  incubated  with  TPCK-trypsln  0.2  mg/ml,  lor  3 hr  at  37°; 
broken  line)  or  with  pronase  0.05  mg/ml,  for  90  min  at  37‘“l’; 
dotted  line).  Cleavage  products  of  trypsin  are  designated  as  T1-T3 
and  of  pronase  as  PI  and  P2.  Tlte  abscissa  gives  the  molecular 
weights,  the  ordinate  the  absorbance  for  Coonassie  brilliant  blue 
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at  620  nm. 
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